Abstract. Naspharyngeal carcinoma (NPC) is a common malignant tumor. Radiotherapy is the main treatment for patients with early-stage NPC. Some chemotherapeutic methods have been used to delay the progression of NPC during the later stages. Osteopontin (OPN), a secreted phosphoglycoprotein, has been shown to be involved in cell proliferation, migration and invasion in a variety of tumor models. However, the effect of OPN on the proliferation and migration activity of human NPC cells is still unknown. In this study, we detected the expression of OPN in NPC CNE-2 cells, and investigated the roles of OPN in CNE-2 cells. Our results show that the down-regulation of OPN inhibits the growth and migration of CNE-2 cells. Additionally, our results indicate that the cell number in the G2 phase can be regulated by OPN. We further demonstrate that OPN shRNA down-regulates the expression of MMP-2 and MMP-9, and that OPN overexpression up-regulates the expression of MMP-2 and MMP-
Introduction
Human nasopharyngeal carcinoma (NPC) is a fatal disease very common in southern China and Southeast Asia (1) . Approximately 80% of NPC cases in the world occur in China according to the WHO data. Almost 95% of the histotypes of clinical NPC are poorly differentiated squamous carcinoma and are sensitive to X-ray treatments (2) . Radiotherapy is the main treatment for patients with early-stage NPC. However, the 5-year survival rate is still low and the incidence of relapses remains high (3) . Therefore, identification of the target genes associated with NPC progression is necessary in order to improve the survival of patients with NPC.
Osteopontin (OPN) is a secreted arginine-glycine-asparic acid (RGD)-containing phosphoprotein and it contains a predicted thrombin cleavage site (4) . Substantial data have shown that OPN plays important roles in tumorigenesis, invasion and metastases by binding to several integrins and CD44 variants in various tumor models (5) (6) (7) . Certain reports have also proven that OPN could be involved in cell survival (8) (9) (10) . Functionally, the down-regulation of OPN decreases the motility and invasiveness of tumor cells. The up-regulation of OPN increases cell invasiveness and plasminogen activator expression in human mammary epithelial cells (11) . OPN enhances the migration and invasion of malignant tumor cells possibly by regulating the activities of MMP-2 and MMP-9, which degrade the extracellular matrix (9, 10, (12) (13) (14) . It has been reported that the mean plasma OPN level is significantly higher in NPC patients than in normal controls, and that a high pretreatment plasma osteopontin level is a significant predictor of poor response to radiotherapy (15, 16) . It has also been shown that OPN knockdown can decrease the number of cells in the G2/M phase (9, 10) . However, the role of OPN in the progression of NPC is still undefined, and therefore, it is imperative to evaluate the roles of OPN in human NPC cells, as well as the related mechanisms.
Materials and methods
Cell culture. The poorly differentiated human NPC cell line, CNE-2 (stored in our lab), was cultured in high-glucose DMEM (Gibico, BRL, Guangzhou, China) supplemented with 10% fetal bovine serum at 37˚C with 5% CO 2 .
Construction of vectors.
According to a previous report (17) , we constructed the RNAi vector, EGFP was amplified from pEGFP-N1, and then subcloned between KpnI and BamHI of pcDNA3.1(+ MTT assay. CNE-2 cells were seeded in 96-well plates at a concentration of 5,000 cells/well in a volume of 150 µl of cell culture medium. After 24 h, transfection was performed. The plates were incubated at 37˚C with 5% CO 2 for 24, 48, 72 and 96 h. A sample (20 µl) of MTT solution (5 g/l, dissolved in PBS) was added to each well and the plates were incubated at 37˚C for an additional 4 h. The supernatant was discarded, then l50 µl dimethylsulfoxide were added to dissolve the insoluble MTT formazan. The absorbance values at 570 nm (A570) were determined on a multi-well plate reader (Tecan).
Migration assay. To determine the cell migration potential, the migration assay was carried out using the Transwell (Costar) system, which allows cells to migrate through an 8-µm pore size polycarbonate membrane. Briefly, cells were transfected with constructed vectors for 24 h, and were then trypsinized, washed and resuspended in DMEM with 5% FCS (5x10 5 cells/ ml). A total amount of 600 µl of DMEM containing 10% FCS was placed into the lower compartment of the well and 100 µl of cell suspension in DMEM without FCS were added to the upper compartments. After having being cultured at 37˚C in a humidified atmosphere of 5% CO 2 for 20 h, membranes were washed with PBS, all cells on the membrane were fixed with cold methanol for 15 min and stained with crystal violet, then cells remaining on the upper surface of the membrane were removed with a cotton swab. Cells beneath the membrane were counted in 5 high-power microscope fields. Each experiment was performed on 3 Transwells and repeated three times.
Flow cytometry assay.
For the analysis of the cell cycle, cells transfected with different vectors for 72 h were subjected to flow cytometry analysis for chromosomal DNA. DNA labelling was performed using the CycleTEST™ PLUS DNA reagent kit (BD Biosciences Pharmingen, USA). The samples were then analyzed using a flow cytometer (Beckman Coulter, Brea, CA, USA).
Western blot assay. Cells were transfected for 72 h, then the cells were harvested and lysed for total protein extraction. Protein concentration was determined using the Bio-Rad protein assay kit (Bio-Rad, Shanghai, China). Equal amounts of protein were separated by 12% SDS-PAGE and transferred onto PVDF membranes. The membranes were rinsed with Tris-buffered saline and Tween (TBST; Probe Co. Ltd., Guangzhou, China) and incubated in blocking buffer (5% dried milk in PBS) for 1 h at 37˚C, followed by incubation with primary antibodies at 4˚C overnight. The polyclonal antibody against OPN (Sigma, USA) was used at a 1,000-fold dilution. Monoclonal antibody against β-actin (PTG, USA) was used at a 2,000-fold dilution. Antibodies against MMP-2 or MMP-9 (Santa Cruz Biotechnology, Santa Cruz, CA, USA) were used at 300-fold dilution. After being washed with TBST three times, the membranes were incubated with their corresponding secondary antibodies for 1 h. The blots were visualized by the enhanced chemiluminescence detection system (Amersham). The expression of β-actin was used as the normalization control for protein loading. 
A B
Statistical analysis. Data were expressed as the means ± SD. Statistical analyses were performed using the Student's t-test. A value of P﹤0.05 was considered significant. 
Results

OPN shRNA specifically inhibits OPN expression in CNE-2 cells. Western blot analysis was carried out to inspect OPN protein in CNE-
Regulation of CNE-2 migration ability by OPN expression.
We evaluated whether the changed expression of OPN alters the motility of CNE-2 cells using the Transwell system. As shown in Fig. 3 , compared to the cells transfected with the related control vectors, we observed that the expression of OPN shRNA had an inhibitory effect on the ability of CNE-2 cells and that transfection with the OPN overexpression vector significantly increased the motility of CNE-2 cells.
Analysis of cell cycle by flow cytometry. Different groups of cells transfected for 72 h were subjected to flow cytometry analysis. As shown in Fig. 4 , the proportion of the G2 phase was decreased in OPN shRNA-transfected cells compared with the control vector-transfected group, and the cell number in the G2 phase showed no change when cells were transfected with pcDNA3.1-OPN. These data suggest that the OPN shRNA suppresses the proliferation of CNE-2 cells by reducing the cell number in the G2 phase.
Effect of OPN on the expressions of MMP-2 and MMP-9.
It has been identified that MMP-2 and MMP-9 are involved in OPN-induced cell proliferation and migration. Therefore, we investigated whether OPN also influences the expressions of MMP-2 and MMP-9 in CNE-2 cells. As shown in Fig. 1 , compared with the related control groups, the protein levels of MMP-2 and MMP-9 decreased in the cells transfected with OPN shRNA, but increased in the cells transfected with the OPN overexpression vector. Therefore, these data suggest that MMP-2 and MMP-9 are involved in OPN-induced cell migration in CNE-2 cells. 
A B Discussion
Previous studies have demonstrated that OPN plays a crucial role in the growth, invasion and metastasis in a variety of tumors and that many human carcinomas overexpress OPN (18) (19) (20) (21) (22) . Previous reports have shown that the mean plasma OPN level is significantly higher in NPC patients, and a high OPN level suggests poor response to radiotherapy (15, 16) . However, the role of OPN in NPC remains poorly understood. In this study, OPN shRNA and the OPN expressing vector were utilized to investigate the influences of OPN on the biological behavior of NPC and related mechanisms. Our data indicate that altering the level of OPN can influence the growth, migration and cell cycle of human nasopharyngeal carcinoma CNE-2 cells. To our knowledge, this is the first report showing a direct link between OPN and NPC cells. RNAi is a highly specific and efficient way of controling the expression of the target gene. However, chemically synthesized siRNA has been shown to have a relatively short half-life to inhibit the target gene (23, 24) , and thus we used shRNA expression vector-mediated RNAi to achieve a greater inhibitory effect, and the vector expressing OPN was also constructed. The down-regulation of OPN inhibited the growth and migration of CNE-2 cells, and led to a fewer number of cells in the G2 phase. These data are consistent with recent reports describing the role of OPN in other tumor cells (9, 10) . The up-regulation of OPN by the OPN expressing vector promotes migration but does not accelerate the proliferation of CNE-2 cells or increase the number of cells in the G2 phase. However, the reason for this, remains unknown. According to the flow cytometry data, there was no difference in the apoptotic ratio between cells transfected with OPN shRNA and those transfected with control shRNA, suggesting that OPN is not involved in the apoptosis of CNE-2 cells. In this study, we also detected two potential OPN downstream target molecules, MMP-2 and MMP-9, involved in tumor progression and invasion (14, 25) . Our data on CNE-2 cells indicated that the expressions of MMP-2 and MMP-9 were decreased in the OPN knockdown cells, and significantly increased in the OPN expressing vector-transfected cells. MMP-2 and MMP-9 may play critical roles in the OPN-induced invasion and metastasis of NPC cells. It has been reported that OPN-induced expressions of MMP-2 and MMP-9 are associated with NF-κB mediated signaling pathways (26) . Therefore, the role of NF-κB and its related protein factors in these processes of NPC cells need to be further elucidated.
In conclusion, our data show that OPN plays a crucial role in the growth and migration of NPC cells. Therefore, gene therapy or small molecule inhibitors targeting OPN may have therapeutic benefit for patients with NPC. Inhibitors targeting OPN may also lead to a decrease in the plasma OPN level and a lower plasma OPN level could make human NPC more sensitive to radiotherapy. A B
